Natriuretic peptide (NP) has been shown to be an effective screening tool to identify patients with Stage B heart failure and to have clinical value in preventing heart failure progression . The impact of associated metabolic confounders on the screening utility of NP needs clarification.
Abstract:
Context Natriuretic peptide (NP) has been shown to be an effective screening tool to identify patients with Stage B heart failure and to have clinical value in preventing heart failure progression . The impact of associated metabolic confounders on the screening utility of NP needs clarification.
Objective
To assess the impact of diabetes (DM) on NP screening for asymptomatic Stage B heart failure.
Materials and Methods
The study population consisted of 1368 asymptomatic patients with cardiovascular risk factors recruited from general practice as part of the STOP-HF trial. B-type NP (BNP) was quantified at pointof-care.
Results
BNP was found to be as accurate for detecting Stage B heart failure in DM patients compared to non-DM patients (AUC 0.75 [0.71, 0 .78] and 0.77 [0.72,0.82], respectively). However, different BNP thresholds are required to achieve the same level of diagnostic sensitivity in DM compared with non-DM patients. To achieve 80% sensitivity a difference of 5ng/L lower is required for patients with diabetes.
Conclusion
Although a significantly different BNP threshold is detected for patients with DM, the BNP concentration difference is small and unlikely to warrant a clinically different diagnostic threshold.
Background:
The prevalence of heart failure is set to increase by 25% between now and 2030, with an associated 2.5 fold increase in medical costs from $21 to $53 billion (Rathi and Deedwania, 2012) . These concerning epidemiological trends are driven by many factors, including the epidemic of diabetes mellitus with data demonstrating up to a five-fold increase of incident heart failure among women and two-fold among men with diabetes (Kannel et al., 1974) . These findings highlight the need to focus on prevention of heart failure and in particular directing such prevention strategies at those with diabetes.
An essential component of an effective prevention strategy for heart failure is the ability to identify those at heightened risk from the general at risk cohort. Such a group are patients with features of asymptomatic left ventricular abnormalities (Stage B Heart Failure). Previous work from our unit and others have shown that, while limitations exist, natriuretic peptide (NP) is an effective screening tool to identify this population (Vasan et al., 2002 , Murtagh et al., 2012 , Lubien et al., 2002 , Nadir et al., 2015 , Chahal et al., 2015 , Hebert et al., 2010 . In addition, risk stratification with NP can facilitate strategies guided by NP, which have been shown to be effective in reducing new onset heart failure and other cardiovascular (CV) events , Huelsmann et al., 2013 .
There are good data to suggest that NP role as a screening tool for Stage B could be altered by the metabolic status of the diabetic patient, Insulin levels, obesity (Khan et al., 2011 , Wang et al., 2004 , Sugisawa et al., 2010 and the impact of glycosylation on NP processing and detection may all play a role (Semenov et al., 2010 , Semenov et al., 2009 , Vodovar et al., 2014 . Clarification of the interaction between NP and diabetes is essential if we are to effectively apply this peptide in a screening process. Using the STOP-HF (The St Vincent's Screening to Prevent Heart Failure Study) population we set out to address the hypothesis that NP is as effective in Stage B screening in a DM cohort compared to a non-DM cohort, but due to metabolic influence of the diabetic state on NP that the threshold values for the peptide would be significantly altered.
Methods:

Patient Sample
The study population consisted of 1368 patients from within the STOP-HF cohort, described in detail elsewhere . In brief, the STOP-HF cohort (universal trial number: NCT00921960) is a population with cardiovascular risk factors, recruited from primary care practices in Ireland. Age ≥ 40 years and at least one risk factor for left ventricular dysfunction including: type 2 diabetes mellitus (DM); hypertension; obesity; hypercholesterolemia; or coronary artery disease. DM was defined as fasting plasma glucose ≥ 7.0 mmol/L or 2 h post-load plasma glucose of 11.1 mmol/L. All subjects gave written informed consent to participate in this cohort. The study protocol was approved by the ethics committee of St. Vincent's University Hospital, which conformed to the principles of the Helsinki Declaration.
Clinical Assessment
At clinical visits, a full physical examination, New York Heart Association (NYHA) functional class assessment, and phlebotomy were performed by a blinded observer. Physical examination included assessment of waist circumference, BMI calculation, heart rate and blood pressure measurement.
Peripheral venous blood samples were tested for levels of creatinine, glucose, and lipid profile. Point of care B-type natriuretic peptide (BNP) was measured at each visit using a Triage meter (Biosite). Assay sensitivity for BNP was 5ng/l. All patients had baseline electrocardiograms (ECGs) performed.
Doppler Echocardiography
Doppler echocardiographic assessment was performed by one of two blinded operators, in accordance with the American Society of Echocardiography recommendations. All data represent the mean of three measurements on sequential cardiac cycles. Left ventricular mass was calculated using the Devereux method and was indexed to body surface area. Left atrial volume was calculated using the biplane area length method and was also indexed to body surface area. Left ventricular filling pressures were non-invasively assessed by tissue Doppler measurements taken at the lateral mitral annulus. Left ventricular ejection fraction was calculated by the Teichholz method. Classification of left ventricular diastolic dysfunction (LVDD) was based on having both a left atrial volume index (LAVi) ≥34ml/m 2 and a tissue lateral e' value ≤10 cm/sec. In patients with atrial fibrillation the tissue Doppler value alone was used to define LVDD. Left ventricular systolic dysfunction (LVSD) was defined as an ejection fraction <50%. Cut-off values for moderate to severe increase in left ventricular mass were 132 g/m 2 in male and 109 g/m 2 in females. Stage B heart failure was defined as meeting one or more of these three criteria.
Statistical Analysis
For the purpose of this study, data from first visit after 1 st January 2010 were used, including echocardiography and associated clinical visit, which consisted of a point of care BNP measurement, to investigate LVDD prediction. Generalised Linear Modelling with a binomial outcome of Stage B heart failure was used for all modelling. Predicted probabilities from those models were used to calculate the ROC curves in figure 2 alongside the raw BNP ROC curves, with 95%-CIs presented in parentheses. No transformations were used and all calculations were carried out using R Language version 2.7.2. Table 1) .
Results
Patient characteristics of study cohort (
The study cohort consisted of 966 non-diabetic patients and 402 type 2 diabetic patients. A number of anthropometric, biochemical and medication differences exist between these patient groups and are highlighted in Table 1 . Of note, median BNP levels were significantly lower in the diabetic group.
BNP screening for Stage B heart failure.
The utility of BNP to screen for Stage B heart failure was assessed using ROC curves for the DM and non-DM subsamples, which yielded AUCs of 0.75 [0.71,0.78] and 0.77 [0.72,0.82] respectively, (Figure 1 ). Although the AUC is slightly greater in the non-DM subsample, it is not a significant difference as the confidence intervals share a large overlap. Additionally, the difference between the two subsamples appears mainly due to DM losses at the sensitivity < 60% end of the ROC curve ( Figure 1 ). As we are interested in performance at the higher sensitivities for screening purposes, any slightly apparent AUC difference can be ignored.
Utility of applying different BNP thresholds in screening for Stage B heart failure.
To achieve sensitivity of approximately 70-90% for detecting Stage B heart failure a BNP concentration range of 10-30ng/L is appropriate, as presented in Figure 1 . Similar sensitivities and specificities can be achieved in both DM and non-DM populations but requires different BNP cut-off thresholds. The BNP thresholds in the DM subsample are approximately 5 ng/L lower than in the non-DM subsample (Figure 1 ) at equivalent sensitivities. For example, using a BNP threshold of 25 ng/L gives approximately 81% sensitivity with 61% specificity in the non-DM subsample. That same threshold applied to the DM subsample yields 72% sensitivity and 69% specificity. Deducting 5 ng/L from the threshold for DM subsample in this case gives 78% sensitivity and 62% specificity, which brings performance more in line with non-DM patients.
Co-variate adjusted models of BNP screening for Stage B heart failure.
As highlighted in Table 1 , age, gender and BMI were significantly different between the DM and non-DM subsamples. The benefit of including these as covariates to predict Stage B heart failure using BNP was assessed ( Figure 2) . The strength of the multivariate equation in identifying Stage B heart failure was not significantly better than BNP alone, as indicated by AUC values and associated confidence intervals. This was the case whether looking at the total cohort or dividing down into the two subsamples of DM and non-DM. The resulting specificity at a target sensitivity of 80% in each of the ROC curves is also given in Figure 2 for comparison.
Utility of diabetes specific BNP threshold for Stage B heart failure screening
Using a required sensitivity of 80%, comparison of the impact of utilizing separate BNP thresholds (25 ng/L non-DM & 20 ng/L DM) versus a single BNP value (25 ng/L) in the study cohort of 1365 patients for hypothetical referral and detection is shown in Table 2 . When applying the single BNP threshold, 612 patients were referred for echocardiography of which 203 had Stage B heart failure, and 56 patients with Stage B were missed. When applying separate BNP thresholds based on DM status, an additional 25 patients were referred for echocardiography, of which 5 had Stage B heart failure.
Discussion:
This study examined the utility of B-type natriuretic peptide (BNP) in screening Stage B heart failure in diabetic (DM) and non-diabetic (non-DM) population samples. Within the STOP-HF cohort it was found that BNP is as accurate for detecting Stage B heart failure in DM patients compared to non-DM patients with AUCs of 0.75 and 0.77, respectively. However, threshold values to yield 80% sensitivity differed between the two cohorts with a 5ng/L lower value required for patients with diabetes. Using different screening thresholds for these two populations resulted in a modest increase in patient number referred for echocardiography and a small reduction in false negative screens.
Maximising diagnostic accuracies for Stage B heart failure is important, as this large cohort provides the optimal stage in the natural history of ventricular dysfunction to apply preventative strategies to reduce new onset heart failure (Ammar et al., 2007) . Routine and repeat use of echocardiography or other imaging investigations for this purpose is not practical. Natriuretic peptide has been shown by many groups to be a useful biomarker to screen for significant ventricular dysfunction in the general at-risk population. This includes work by Hebert and colleagues who investigated the utility of BNP as a pre-screen for echocardiography in diabetic patients with Stage B heart failure, as defined in this study by left ventricular systolic dysfunction (EF <55%) (Hebert et al., 2010) .
However, there is some debate as to whether NP would be an effective screening tool for Stage B heart failure among patients with diabetes. Various mechanisms have been described that could result in reduced circulating levels of the protective natriuretic peptide hormone in patients with DM, mainly been attributed to dysregulation of natriuretic peptide (NP) metabolism. Diabetes and insulin resistance have been shown to have an effect on BNP levels previously in different study cohorts. Khan et al. have shown a 10-30% decrease in BNP levels associated with insulin (Khan et al., 2011) . In addition, insulin has recently been linked to an upregulation of the NP clearance receptor, natriuretic peptide receptor C (NPRC), in adipocytes and monocytes in the subcutaneous adipose tissue of obese, insulin resistant patients (Pivovarova et al., 2012) . With obesity being a prominent feature in type 2 diabetic populations, it is important to note that obesity-linked upregulation in adipocyte NPRC has also been observed in humans to be associated with an increased clearance of NP, but this predominantly affects BNP, in part cleared by this receptor and not NTproBNP which is dominantly cleared by the kidney (Dessi-Fulgheri et al., 1997) . It has recently been shown that weight loss in obese patients results in a significant elevation in natriuretic peptides (Arora et al., 2015) .
An additional mechanism by which circulating NP levels could be altered in diabetic populations is via post-translation modification changes affecting its production or metabolism. Recent data has shown that BNP and the enzymes involved in its processing (furin and corin) can undergo glycosylation profile changes in heart failure, or be implicated in its processing (Semenov et al., 2010 , Semenov et al., 2009 , Vodovar et al., 2014 , Ichiki et al., 2013 , Peng et al., 2011 . It has been suggested recently that under normal conditions proBNP is glycosylated as mechanism to limit its processing to functional BNP, and during heart failure the degree of proBNP glycosylation is reduced which results in an increase in proBNP processing to active BNP (Vodovar et al., 2014) . In the context of diabetes it has been shown that serum and tissue glycosylation signatures differ compared with non-diabetic profiles (Testa et al., 2015 , Ravida et al., 2015 . Therefore a possible link may exist between glycosylation mediated reduction in circulating BNP in diabetics compared with non-diabetics in a Stage B heart failure population, a concept that would warrant investigation.
With this background our study found similar diagnostic accuracies for detecting Stage B heart failure, but we also report for the first time that different BNP thresholds are required to achieve the same level of diagnostic sensitivity in DM compared with non-DM patients. As anticipated, and based on the aforementioned data, a 5 ng/L lower cut-off for diabetic patients is required to maintain equivalent accuracy compared with the non-diabetic cohort. The application of distinct thresholds results in a modest 2% improvement in screening sensitivity. However, the clinical relevance of applying this difference is questionable given that the known variability of NP on a dayto-day basis is likely greater than the noted difference of 5ng/L. Therefore, it may be practically more effective to have the same NP cut-off irrespective of DM status of a patient. It is also interesting to speculate that the lower levels of NP noted in the diabetic cohort may in part explain the increased susceptibility of patients with diabetes to heart failure. Finally, the specific factors that could account for these different thresholds are not investigated fully in this study, but could be due to factors such as obesity and age (Jan et al., 2013 , Dessi-Fulgheri et al., 1997 , Arora et al., 2015 . Although these factors may influence the selected BNP threshold to detect Stage B heart failure at a given sensitivity, they do not alter BNP's ability to correctly classify patients within this population. Therefore generation and application of thresholds for other populations may be influenced by the representation of obesity within the diabetic cohort, or the age profile of the patients.
Conclusion
Although the mechanism by which a reduction in detectable circulating BNP in the diabetic cohort is observed, it is likely to be related to multifactorial influences. Whether or not these resultant significant differences in BNP expression levels in diabetic patients warrants its clinical translation into a personalised BNP threshold for Stage B heart failure prediction requires further validation along with economic modelling studies based on improved correct classification through separate screening thresholds.
Limitations
There are several limitations to consider when interpreting the findings of this study. All the data presented are from a single population, pre-selected so that recruited study patients have at least one cardiovascular disease risk factor. BNP thresholds and diagnostic accuracies for Stage B heart failure may vary among different populations, particularly when the metabolic profile differs. In this study we do not consider the added value of serial BNP measurements in disease prediction. Collectively, our findings should encourage the approach of a personalised BNP threshold for predicting structural and functional abnormalities of the heart to be explored further. Co-variate adjusted models of BNP screening for Stage B heart failure was assessed using age, gender and body mass index (BMI), three parameters that were significantly difference between the DM and non-DM sub-samples. This was assessed in the total study population (A), the non-DM subsample (B), and the DM sub-sample (C). The resulting specificity at a target sensitivity of 80% in each of the ROC curves is highlighted by vertical lines for comparison. The application of a multivariate model in identifying Stage B heart failure was not significantly better than BNP alone. Table 1 : Patient characteristics of diabetic and non-diabetic subsamples. Median [IQR] 
Abbreviations
Tables:
